in the preceding 48 h, occurrence of the infarction on a weekday and no history of current smoking.
In 18.7% of patients, infarction occurred during moderate or marked physical activity. Independent predictors of exertionrelated infarction included male gender, no history of current smoking, white race, no use of calcium channel blocking agents or nitrates in the preceding 24 h, the absence of either chest pain at rest in the 3 weeks before infarction or any pain in the preceding 48 h, the absence of new onset angina and the presence of exertional pain in the preceding 3 weeks. Compared with patients whose infarction occurred at rest or during mild activity, those with exertion·related infarction had fewer coronary vessels with ~60% stenosis (p = 0.002) and were more likely to have an occluded infarct-related vessel after thrombolytic therapy (p = 0.01).
Conclusions. Further study of the timing and activity at onset of infarction may provide insight into the pathophysiologic mechanisms causing acute myocardial infarction and provide clues to preventive measures.
(J Am CoU CardioI1992; 20:1049-55) of infarction among patients with specific characteristics. For example, the finding (2, 8) that pre infarction use of beta·adrenergic blocking agents or aspirin reduces the morning peak of infarction suggests that the peaking in adrenergic activity and platelet reactivity contributes to the morning onset of infarction (7) . Patients with prior congestive heart failure have been reported to have a prominent peak of onset of infarction in the evening (4), whereas those with non-Q wave infarction have a less pronounced circadian pattern (9) . Although the occurrence of myocardial infarction is more frequent between 6 AM and noon, the majority of events are not confined to this 6-h period. Because many of the physiologic changes described in the morning are produced by stressors such as physical activity (7), further evaluation of the role of physical stress immediately before infarction may provide clues to the mechanisms of the onset of myocardial infarction and its prevention.
Apart from the study of Hjalmarson and colleagues (4) , previous studies of the timing of the onset of myocardial TRIGGERING OF ACUTE MYOCARDIAL INFARCTION infarction have not used multivariate analyses to identify independent predictors of the higher morning frequency of infarction. Such analyses are important because associations are likely between characteristics such as pain before infarction and the use of anti-ischemic medication. Other limitations of prior studies include the absence of data on the relations among angiographic characteristics, mortality and the timing and level of activity at the onset of infarction.
The purpose of the present analysis was to utilize data obtained in the Thrombolysis in Myocardial Infarction phase II study (TIMI II) to examine the circadian pattern and level of physical activity at the onset of infarction. The TIMI II data base provides a large, well characterized patient group in whom multivariate analyses can be performed to identify independent determinants of timing and level of activity at the onset of infarction.
Methods
Study patients. The detailed methods of the TIMI II trial have been published elsewhere (1). The study group in this report consists of the 3,339 patients enrolled in TIMI II.
Inclusion criteria were chest discomfort suggestive of myocardial ischemia lasting ~30 min, ST segment elevation ~O.l mY in two contiguous electrical leads, patient age <76 years and the feasibility of initiating tissue-type plasminogen activator (rt-PA) therapy within 4 h of the onset of pain. Exclusion criteria have been detailed previously (1). Informed consent was obtained from all patients who partici-· pated in the study. The protocol was approved by the institutional committee on human research at each of the 24 participating hospitals. After treatment with rt-PA and intravenous heparin, patients were randomly assigned either to an invasive strategy, in which all patients underwent cardiac catheterization, or to a conservative strategy, in which catheterization was performed only for clinical indications.
Study protocol and definitions. The time of onset of symptoms of myocardial infarction and the level of physical activity at the onset of symptoms were recorded for each patient. To examine the effect of characteristics on timing, the day was divided into four 6-h periods. The 6 AM to noon period was subsequently compared with the remaining periods. The activity level at the onset of symptoms was classified as sleep, rest or mild, moderate or marked activity. Examples of each level of activity were provided to the nurse coordinator; rest was defined as lying in bed or sitting, mild activity as walking, moderate activity as climbing stairs and marked activity as running. An infarction whose onset occurred during moderate or marked activity was defined as exertion-related infarction. Patients were classified as at low risk when none of the following characteristics were present at study entry: history of prior infarction, ST segment elevation in the anterior electrocardiographic (ECG) leads, pulmonary rales in ~I13 of the lung fields, systolic blood pressure <100 mm Hg and sinus tachycardia ~ 100 beats/min, atrial fibrillation or flutter, age ~70 years, pulmonary edema at study entry and cardiogenic shock. Coronary perfusion status was graded according to previously published TIMI criteria: grade 0 indicates no flow; grade 1, penetration without perfusion; grade 2, full perfusion with slow flow, and grade 3, full perfusion with normal flow. Statistical analysis. The results presented in this report are based on all data received in the TIMI Coordinating Center as of January 1991. Baseline data are presented using percentages or mean values and standard deviations. An extensive list of clinical characteristics was investigated for possible associations with the outcomes of timing and level of physical activity at the onset of infarction as univariate modifiers. The relation among baseline characteristics and the timing and level of activity at onset were ascertained by using analysis of variance or a stepwise logistic regression model for multivariate analyses (0). A p value !5 0.01 was· required for all variables remaining in the final model. Analyses were performed by using either a Biomedical Data Package (BMDP) (11) or Statistical Analysis System (SAS) programs (12) . To adjust for the effects of multiple testing, p values of 0.01 to 0.001 were judged as providing some evidence of group differences, and p values < 0.001 were judged as providing strong evidence of group differences not due to chance alone.
Results
Timing of onset of myocardial infarction ( Fig. 1 to 3 , Tables  1 and 2 ). In the overall study group, there was a higher frequency of onset of myocardial infarction in the morning; 34.4% of infarctions occurred between 6 AM and noon whereas 15.4% occurred between midnight and 6 AM (Fig.  l) . The association between baseline patient characteristics and infarction characteristics and the timing of the onset of infarction is described in Table 1 . Stepwise logistic regression analysis (Table 2 ) revealed the following independent predictors of a higher frequency between 6 AM and noon compared with other times of the day: an absence of chest pain within the preceding 48 h, absence of beta-blocker use within the 24 h before infarction, no history of current cigarette smoking and onset of infarction on a weekday. In Figure 2 , the timing pattern is compared in patients with no or one predictor of morning infarction and in those with all four predictors. The relation between the number of predictors and the frequency of onset of infarction between 6 AM and noon is depicted in Figure 3 . In TIMI II, 1,681 patients (50%) were randomly assigned to protocol catheterization after thrombolytic therapy; catheterization was performed in 1,500 of these patients. In this large subset of patients, there was no association between the time of onset of infarction and infarct-related artery patency (TIMI flow grade) or the number of coronary vessels with stenoses ~60%.
The 42-day mortality rate tended to be higher for patients with an onset of infarction between 6 AM and noon than in those with an onset at other times of day, but the number of deaths was relatively small and the power to detect a difference was limited. Reinfarction rates at 42 days did not differ among groups.
Physical activity at the onset of myocardial infarction (Tables 3 and 4 Number of Predictors Present and during marked activity in 5.8%) and during rest conditions in 81.2% (during sleep in 13.8%, at rest in 36.0% and during mild activity in 31.4%). Univariate predictors of exertion-associated infarction are listed in Table 3 . Stepwise logistic regression analysis indicated that those patients most likely to have an infarction associated with exertion had no other chest pain in the preceding 48 h, were male, had exertional pain in the preceding 3 weeks, no pain at rest in the preceding 3 weeks, no nitrate use in the preceding 24 h, no new onset angina in the preceding 3 weeks, no calcium channel blocker use in the preceding 24 h, no history of hypertension, were white and had no history of current smoking ( Table 4 ). The first four of the aforementioned variables were associated with an odds ratio ~2.0 (that is, when the variable was present, the onset ofinfarction was at least twice as likely to occur during exertion as during rest).
The relation between the likelihood of infarction beginning during exertion and the number of variables present with an odds ratio >2.0 is depicted in Figure 4 . Patients with exertion-associated infarction who were randomized to undergo routine coronary angiography after thrombolysis were more likely than those with restassociated infarction to have no significant (~60%) stenosis (16.8% vs. 9.2%, p < 0.001), although they were also more likely to have an infarct-related artery that was occluded (19.4% vs. 13.8%, p = 0.01). Both 42-day mortality and recurrent infarction rates tended to be lower in those with exertion-related infarction (3.0% vs. 5.3%, p = 0.Q2 and 4.2% vs. 7.2%, p = 0.006, respectively). Baseline plasma fibrinogen levels (13) were also significantly lower in patients with exertion-associated infarction than in those with infarction occurring at rest (294 ± 74 [n = 319] vs. 310 ± 86 mg/dl [n = 1,425], P = 0.002).
. Not a current smoker 1.28 0.01 1.00-1.63
• An odds ratio> 1.0 indicates that when the factor is present, the onset of infarction is more likely to occur during exertion than during rest. CI = confidence interval.
randomized, prospective evaluation of aspirin with a greater power to detect an effect.
The frequency of morning infarction was also significantly greater during weekdays than on the weekend. This difference, which was also reported in MILlS (2), may result from the physical and mental stresses associated with the work week. Alternatively, this finding may be due to the later time that persons awaken and begin physical or mental Figure 4 . Percent of patients with the onset of myocardial infarction during exertion. The relation between the likelihood of infarction beginning during exertion and the number of predictors present with odds ratio >2.0 (that is, when the variable was present, onset was more than twice as likely to occur during exertion as during rest): 0% (0 of 64) with no predictors present, 3% (10 of 328) with one predictor, 12.1% (127 of 1,051) with two predictors, 25.3% (444 of 1,755) with three predictors and 31.6% (44 of 139) with all four predictors. The predictors were male gender, absence of other chest pain in the preceding 48 h, absence of any rest pain in the preceding 3 weeks and exertional angina in the preceding 3 weeks. Patients with the onset of infarction between 6 AM and noon were more likely to have had no other angina during the 48 h before onset. Although this observation may result from pathophysiologic differences between patients with or without prior angina, it may also be due to a reduction in level of morning activity in patients with preinfarction angina.
Although a relatively prothrombotic state is present in the morning, owing in part to elevated levels of plasminogen activator inhibitor and platelet aggregability (7), the time of onset of myocardial infarction did not alter response to rt-PA, as assessed by TIMI grade flow in the infarct-related vessel after therapy. An early difference in reperfusion rate response to rt-PA (15, 16 ) cannot be excluded because cardiac catheterization in TIMI II was usually performed 18 to 48 h after the onset of infarction. Kurnik (16) recently reported that angiographic coronary artery patency 90 min after administration of rt-PA was lower in patients treated between midnight and noon than in those treated between noon and midnight (65% vs. 72%, p < 0.05).
Physical activity. The presence of a morning peak in the onset of infarction suggests that the onset is not a random event but may be triggered by external factors. Because several physiologic factors that increase in the morning, such as arterial pressure, heart rate, plasma catecholamine concentration and sympathetic nervous system activity, also increase with physical activity, it has been proposed that physical activity at any time during the day may trigger acute infarction (7, 17) . The findings in the present study, in which myocardial infarction occurred during moderate or marked activity in 18.7% of patients, are consistent with this hypothesis, because moderate or marked activity would have constituted a proportionately much smaller fraction of the 24-h day. Patients with a high frequency (31.6%) of infarction commencing during moderate or marked exertion were men with exertional but not rest angina in the preceding 3 weeks, and with no angina in the preceding 48 h.
Patients with exertion-associated infarction were more likely than those with rest-associated events to have no vessel with significant stenosis after thrombolytic therapy. This finding suggests that physical exertion may trigger plaque rupture and occlusive thrombosis in the absence of severe atherosclerotic narrowing. Conversely, patients with exertion-related infarction were more likely than those with rest-related infarction to have an occluded infarct-related vessel at the time of coronary arteriography. This finding may be due to a more severe plaque rupture in these patients, exposing a more thrombogenic surface and resulting in increased platelet deposition and an occlusion less susceptible to lysis. These patients tended to have lower rates of recurrent infarction and mortality. The lower event rate among those with exertion-associated infarction may result from a lower long-term risk profile in these patients lAce Vol. 20, No.5 November I, 1992 :1049 and from a lower reocclusion rate of initially patent arteries after thrombolysis.
Patients with preinfarction angina were also less likely than those without prior angina to experience the onset of infarction during physical activity. It is possible that these patients had a decreased likelihood of experiencing the index event during physical activity simply because they spent a smaller part of the day engaged in such activity. A similarly reduced time spent on physical activity may explain why patients receiving calcium channel blockers, nitrates or beta-blockers were less likely to experience the onset of infarction during activity. Nevertheless, there is a recurrent association that those patients with the most coronary artery disease risk factors and poorest baseline characteristics were the most likely to have infarction at rest or during mild activity. This observation suggests that patients with more severe coronary artery disease may have more fragile or vulnerable plaques that are prone to rupture readily whereas patients with fewer risk factors have fewer vulnerable plaques that require a more strenuous external stress (moderate to marked activity) to precipitate rupture. A better assessment of the role of physical activity as a trigger of infarction requires an adjustment such as that proposed by Maclure (18) to account for the usual portion of time spent in the activity (19) . No data of this type were collected in TIMI II.
Physical activity and plaque rupture. Evidence supports a link between physical exertion and rupture of a coronary artery plaque. In a rabbit model, a combination of a pressor surge induced by epinephrine and a hypercoagulable stimulus from Russell viper venom resulted in plaque rupture and thrombosis (20) . Using autopsy specimens and computersimulated stress-strain relations, investigators (21, 22) have suggested that an acute increase in arterial pressure or heart rate, such as that associated with physical exertion, may predispose to rupture. Ideally, understanding of the pathophysiology of the onset of infarction would require knowledge of the state of hemodynamics (arterial pressure and heart rate), hemostasis and vasoreactive forces in the minutes before plaque rupture and occlusive thrombus formation. The absence of these data (which are inherently unobtainable for the majority of patients with infarction) limits testing of the triggering hypothesis. However, because the changes in these processes produced by exertion and other potential triggering activities are known, it is possible to gain insight into the processes causing infarction by studying the activities before its onset.
Conclusions. Further study of the timing of the onset of infarction, together with a study of specific plaque characteristics in different patient subgroups, may provide further insight into the pathophysiologic mechanisms of the onset of infarction. Similarly, determination of the role of possible triggers of infarction, such as physical activity, may provide new strategies for prevention. TOFLER ET AL.
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